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(57) ABSTRACT 

Disposing optical ?ber gratings 10a each re?ecting a Wave 
length )»1 Which is different from a signal Wavelength )LS 
along an optical ?ber line 10 at suitable intervals and 
positions. The Wavelength )LS of signal light is not re?ected 
by the grating 10a, but transmitted through the optical ?ber 
line 10. An optical pulse tester 14 outputs probe pulse lights 
of Wavelengths k0, 01, Which are different from the signal 
Wavelength )LS, at slightly different times. The probe lights 
of the Wavelengths X0, K1 are input into the optical ?ber line 
10 through an optical adding and dividing device 16 and 
transmitted through the optical ?ber line 10. Re?ected light 
of the Wavelength A1 of probe light contains therein re?ec 
tion pulses of the grating 10a, and each re?ection pulse 
serves as a position reference. The probe light of the 
wavelength )»0 does not contain re?ection light of the 
grating 10a. Comparison of the re?ected lights of the 
Wavelengths X0, L1 to each other by the optical pulse tester 
14, provides determination of Whether there is a fault 
location, and, if so, detection of fault location With high 
precision can be made. 

13 Claims, 12 Drawing Sheets 
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APPARATUS FOR DETECTING A FAULT 
LOCATION IN AN OPTICAL FIBER LINE 

FIELD OF THE INVENTION 

This invention relates to an apparatus for detecting a fault 
location in an optical ?ber line. 

BACKGROUND OF THE INVENTION 

For monitoring and maintenance of optical ?ber lines of 
an optical ?ber communication system, an optical pulse 
tester has been Widely used. The optical pulse tester is an 
apparatus that can measure a loss distribution in a longitu 
dinal direction of the optical ?ber, and can detect a localiZed 
increase of loss or trouble of rupture of the optical ?ber, as 
Well. With the optical pulse tester, short optical pulses 
generated periodically are incident on the optical ?ber, and 
the light intensity of a Rayleigh back-scattered light, Which 
is produced by such short optical pulses on the optical ?ber, 
is observed on a time base, thereby to measure a loss With 
respect to a distance. Details are described in a literature 
entitled “OPTICAL FIBER”, Paragraph 12.4, published by 
Ohmsya, Ltd. 

FIG. 9, FIG. 10 and FIG. 11 each shoWs a schematic 
structural block diagram of a conventional basic optical 
communication system, respectively. These conventional 
systems differ from one another in a manner of connecting 
the optical pulse tester With the optical ?ber line. Station A 
serves as an optical sending terminal station comprising an 
optical sending apparatus 110, and station B serves as an 
optical receiving terminal station comprising an optical 
receiving apparatus 112, and stations A and B are respec 
tively provided With optical pulse testers 114 and 116. 
Numeral 118 designates an optical ?ber line. 

In FIG. 9, an end 118a of the optical ?ber line 118 on the 
side of the station A is adapted to be selectively connected 
With an output end of the optical sending apparatus 110 and 
an input/output end of the optical pulse tester 114, While an 
end 111% of the optical ?ber line 118 on the side of the 
station B is adapted to be selectively connected With an input 
end of the optical receiving apparatus 112 and an input/ 
output end of the optical pulse tester 116. Normally, the ends 
118a and 111% of the optical ?ber line 118 are respectively 
connected With the output end of the optical sending appa 
ratus 110 and the input end of the optical receiving apparatus 
112. Then When the necessity of performing tests arises, the 
end 18a of the optical ?ber line 118 is connected With the 
input/output end of the pulse tester 114 or the end 111% of 
the optical ?ber line 118 is connected With the input/output 
of the pulse tester 116. 

Referring to FIG. 10, the optical pulse testers 114, 116 are 
alWays connected With the optical ?ber line 118 by means of 
optical adding and dividing devices 120, 122. Thereby, this 
arrangement can be ready for use When conducting of tests 
becomes necessary, Without sWitching over the connections 
as in the case of FIG. 9. Further, the output lights of the 
optical pulse testers 114, 116 may be made to have a 
Waveband consisting of Wavelengths different from a Wave 
length of the output light of the optical sending device 110, 
and this provides an advantage of measuring the optical ?ber 
line 118 even during transmission of signals. 

FIG. 11 shoWs an arrangement for making the best of the 
optical pulse testers 114, 116 in the case of having a plurality 
of optical ?ber lines, Wherein optical sWitches 124, 126 are 
provided to connect the output lights (and re?ecting lights) 
of the optical pulse testers 114, 116 With a target optical ?ber 
line (or the adding and dividing device connected thereto). 
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2 
As described above, the optical tester is to observe the 

light intensity on a time base, so that it is necessary to 
convert the time base into a distance. A distance L With 
respect to a time t lapsed after the sending of pulses is 
expressed by: 

Wherein c is a light velocity and n is a coefficient Which is 
called a group refractive index of optical ?ber and referred 
to a propagation velocity of the optical signal When it 
advances through the optical ?ber. The group refractive 
index n depends on design parameters and materials of the 
optical ?ber. Generally, With the optical ?ber having a Zero 
dispersion Wavelength in a 1.3 micron band, the n is in the 
order of 1.460~1.465, and With the optical ?ber having a 
Zero dispersion Wavelength in a 1.55 micron band, the n is 
in the order of 1.470~1.475. 

Accordingly, even if the pulse tester has a very high time 
accuracy, an error in the group refractive index n becomes an 
error in distance (uncertainty). The longer the distance of an 
observation point, the larger the absolute error becomes, and 
it is thought that With the above-mentioned parameters an 
error becomes as great as about 340 m for 100 km distance. 
The group refractive index n differs from one optical ?ber to 
the other optical ?ber, and it is possible to control each 
optical ?ber constituting the optical ?ber line, but this is not 
practical, because the data processing becomes quite com 
plicated. Further, When a route for laying the optical ?ber 
line is changed, comparison With previously observed data 
cannot be made, and, thus, an error in the actually laid 
position becomes greater. 

Assuming, for example, the optical ?ber cable is laid in a 
side-gutter along the rail Way or the road, the gutter is 
covered by a lid after laying the optical ?ber cable to protect 
the cable from an external in?uence. With this condition, if 
a trouble has occurred in a portion of the cable in this 
section, it is not possible to con?rm the trouble by visual 
observation of a terrain appearance. In this case, for check 
ing a possible fault location it is necessary to remove the lid 
of the gutter in a Wide range including fore and after of the 
possible fault location, by taking into consideration a mea 
suring error. Further, When the optical ?ber cable is laid in 
and along the expressWay, it is necessary to block or restrict 
traffic in a Wide range of lanes to perform con?rmation Work 
of the possible fault location. Needless to say, such Work 
becomes more dif?cult for embedded cables. 

Further, in urban areas, the optical ?ber cable is laid in and 
along a conduit under the road, and it is necessary to check 
the fault location by entering into a manhole provided in the 
public road. An interval betWeen manholes is in the order of 
100 m at the shortest, and considering the above-mentioned 
error of about 340 m in measuring the fault location, the 
manhole Which is close to the fault location cannot be 
speci?ed, and the fault location should be sought from, for 
example, manholes at four places. HoWever, such Work on 
the public road greatly affects the traffic netWork as it causes, 
for example, a long hours of traffic delay. 
As such, With the precision of prior art, ascertaining the 

fault location requires many steps of operation, Which is 
costly. Also, as a result, many hours are required until the 
communication is restored. Thus, in the case Where the 
optical ?ber cable is laid adjacent to or accompanying the 
public traf?c netWork, the affect given to the traffic netWork 
is too great. 

OBJECT AND SUMMARY OF THE INVENTION 

Thus, an object of the present invention is to provide an 
apparatus for detecting a fault location in an optical ?ber line 



US 6,185,020 B1 
3 

Which can detect such fault location With a higher precision, 
thereby to solve the aforementioned problems of prior art. 

According to the invention, re?ecting means having a 
different Wavelength from a signal Wavelength is positioned 
at one or more places on an optical ?ber line. Re?ecting 
means comprises, for example, an optical ?ber grating. A 
probe pulse light having a Wavelength fully meets With the 
re?ecting Wavelength is directed to incident on the optical 
?ber line, and a reference point corresponding to the position 
of the re?ecting means is detected from the re?ecting light. 
In this manner, a plurality of distance references can be 
obtained, thereby a precision of conversion from time to 
distance is improved. That is, the re?ecting light from the 
re?ecting means, Whose position is clearly knoWn, is made 
a distance marker, and the distance from an unusual point (a 
fault location) of backWard scattering light to the distance 
marker is measured. 

With the use of the probe pulse light having a Wavelength 
Which is different from either the re?ecting Wavelength of 
the re?ecting means or the signal Wavelength, a time varia 
tion of the Rayleigh back-scattered light of the optical ?ber 
line, namely, a ?ne variation With respect to the distance, can 
be checked Without being affected by the re?ecting means, 
and the state of each position and a fault location of optical 
?ber line can be checked With a higher precision. With a 
probe pulse light having a Wavelength Which is same With 
the re?ecting Wavelength of the re?ecting means, it is 
possible to detect Whether there is a trouble, and if any, a 
degree of trouble and its position, but it is affected by the 
re?ecting means. The in?uence of the re?ecting means can 
be eliminated by using the probe pulse light having a 
Wavelength Which is different from the re?ecting Wave 
length of the re?ecting means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic structural block diagram of an 
embodiment of this invention; 

FIG. 2 shoWs results of measurements by optical pulse 
testers 14, 20; 

FIG. 3 shoWs an example of measurement of this embodi 
ment shoWing a case Where a fault has occurred betWeen 
markers M2 and M3; 

FIG. 4 shoWs an example of measurement of this embodi 
ment shoWing a case Where a fault has occurred at a position 
superimposing the marker M2 or extremely adjacent thereto; 

FIG. 5 shoWs a schematic structural block diagram of a 
second embodiment of this invention; 

FIG. 6 shoWs a result of measurement of the second 

embodiment; 
FIG. 7 is a schematic structural block diagram of a third 

embodiment; 
FIG. 8 is a schematic structural block diagram of an 

optical pulse tester 44; 
FIG. 9 is a schematic structural block diagram of a ?rst 

conventional art; 
FIG. 10 is a schematic structural block diagram of a 

second conventional art; 
FIG. 11 is a schematic structural block diagram of a third 

conventional art; and 
FIG. 12 is a schematic structural block diagram of a fourth 

embodiment of this invention applied for the optical ?ber 
cable. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the invention Will be described 
beloW in detail by referring to the accompanying draWings. 
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4 
FIG. 1 is a schematic structural block diagram of an 

embodiment of this invention. On an optical ?ber line 10 
extending betWeen a sending station A and a receiving 
station B, optical ?ber gratings 10a, 10a, 10a, 10a, Which 
re?ect a Wavelength )tl that is different from a signal 
Wavelength )»s are placed at appropriate positions With 
suitable intervals. 

The sending station Acomprises an optical sending appa 
ratus 12 for generating a signal transmission light of a 
Wavelength )ts; an optical tester 14 for generating a prove 
pulse light of Wavelengths K0, K1 and measuring the inten 
sity of its re?ected light on a time base; and an optical adding 
and dividing device 16 adapted to direct an output light from 
the optical sending apparatus 12 to incident on the optical 
?ber line 10, to direct the probe light outputted by the optical 
pulse tester 14 to incident upon the optical ?ber line 10, and 
to input the light re?ected on the optical ?ber line 10 into the 
optical pulse tester 14. The optical adding and dividing 
device 16 is, as shoWn in FIG. 1, comprising a half mirror 
in terms of its function. 

The receiving station B has, except its function of receiv 
ing rather than sending of signal light, basically the same 
structure as the sending station A, comprising a light receiv 
ing apparatus 18 for receiving the signal light Which has 
been transmitted through the optical ?ber line 10; an optical 
pulse tester 20 for generating probe lights of Wavelengths 
K0, K1 same as the optical pulse tester 14 and measuring the 
intensity of its re?ected light on the time base; and an optical 
adding and dividing device 22 for directing the signal light 
Which has been transmitted through the optical ?ber line 10 
to incident on the optical receiving apparatus 18, directing 
the probe light outputted by the optical pulse tester 20 to also 
incident on the optical ?ber line 10, and inputting the light 
re?ected on the optical ?ber line 10 into the optical pulse 
tester 20. 

Wavelengths K0, K1 of probe lights generated by the pulse 
testers 14, 20 are made different from the Wavelength )»s of 
the signal transmission light. In the case of a Wavelength 
division multiplexing transmission system, the Wavelength 
)»s of the signal transmission light means a Waveband 
consists of a plurality of Wavelengths. 
The optical ?ber grating 10a on the optical ?ber line 10 

should be placed at a position Which can be recogniZed as a 
target, such as a connecting point of the optical ?ber and the 
like. For example, a closure for enveloping therein a point of 
fusion connection is desirable. A suitable re?ective index of 
the optical ?ber grating 10a is in the order of 1%~10%. 
Further, the optical ?ber grating 10a may be formed in 
advance at an extra portion of the optical ?ber to be used for 
fusion connection, so that the number of connecting points 
may be reduced, thereby to improve a transmission loss. 
Since the re?ecting Wavelength )tl of the optical ?ber 
grating 10a is different from the signal transmission light 
Wavelength (or Waveband) )ts, the optical ?ber grating 10a 
does not attenuate the signal transmission light, so that a 
fault location can be measured even during transmission 

(in-service). 
NoW, the operation of this embodiment Will be described. 

The optical sending apparatus 12 generates a signal light, 
and the signal light is input into the optical ?ber line 10 
through the optical adding and dividing device 16 and 
transmitted through the optical ?ber line 10. Since the 
Wavelength )»s of the signal light is different from the 
re?ecting Wavelength )tl of the optical ?ber grating 10a, the 
signal light is not re?ected by the optical ?ber grating 10a, 
and thereby not attenuated during the transmission of the 
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optical ?ber line 10. The signal light outputted from the 
optical ?ber line 10 is input into the optical receiving 
apparatus 18 through the optical adding and dividing device 
22 of the receiving station B, and subjected to signal 
receiving process. 

The optical pulse tester 14 outputs probe pulse lights of 
Wavelengths X0, A1 at slightly different times. Of course, the 
probe pulse lights of Wavelengths X0, X1 may be outputted 
at the same time, but in that case it is necessary to provide 
the optical pulse tester 14 With an optical separation element 
for separating the re?ecting light of the wavelength )»0 from 
the re?ecting light of the Wavelength k1, light receiving 
elements for receiving the separated lights discretely, and a 
signal processing circuit for processing the output signal 
from each of the light receiving elements. 

The probe pulse light of the Wavelength k1 outputted 
from the optical pulse tester 14 is input into the optical ?ber 
line 10 through the optical adding and dividing device 16, 
and transmitted through the optical ?ber line 10. During 
transmission through the optical ?ber line 10, the probe 
pulse light of the Wavelength k1 is partially re?ected by the 
optical ?ber grating 10a, and, thereby, attenuated. The 
re?ected light from each optical ?ber grating 10a and the 
Rayleigh back-scattered light of the optical ?ber line 10 Will 
travel in a reverse direction toWards the sending station A, 
and input into the optical pulse tester 14 through the optical 
adding and dividing device 16. The optical pulse tester 14 
indicates the re?ecting light inputted thereinto in a graphic 
representation (and/or a printed output) Wherein a vertical 
aXis is the intensity of re?ecting light and a lateral aXis is a 
time base. 

The probe pulse light of the wavelength )»0 outputted 
from the optical pulse tester 14 is input into the optical ?ber 
line 10 through the optical adding and dividing device 16 
and transmitted through the optical ?ber line 10. HoWever, 
the probe pulse light of the Wavelength X0 is not re?ected 
by the optical ?ber grating 10a. Consequently, only the 
re?ected light of the Rayleigh back-scattered light of the 
optical ?ber line 10 travels in the reverse direction through 
the optical ?ber line 10 toWards the sending station A 
through the optical adding and dividing device 16. As same 
as in the case of the probe pulse light of the Wavelength k1, 
the optical pulse tester 14 indicates the inputted re?ecting 
light in a graphic representation (and/or printed output) 
Wherein the vertical aXis is the intensity of the re?ecting 
light, and the lateral aXis is the time base. 

Aresult of measurement by the probe pulse light of )tland 
a result of measurement by the probe pulse light of k0 are 
described in a monitor screen (or in a printed sheet) side by 
side on the same time base. In this manner, as Will be 
described hereinbeloW, a fault location can be detected With 
a higher precision. 

The inspection by the optical pulse tester 20 is conducted 
in the same manner as the optical pulse tester 14. 

FIG. 2 shoWs the respective results of measurements by 
the optical pulse tester 14 and 20. FIG. 2(1) shoWs an 
eXample of measurement by the probe light of the Wave 
length k1, and FIG. 2(2) shoWs an eXample of measurement 
by the probe light of the wavelength )0. In both examples, 
the lateral aXis is a distance (the time lapsed after output of 
the probe light), and the vertical aXis is the intensity of the 
re?ecting light. 
As shoWn in FIG. 2(1), the probe light of the Wavelength 

k1 is re?ected by the optical ?ber grating 10a, and, 
consequently, the intensity of the re?ecting light becomes 
stronger at each position Where the optical ?ber grating 10a 
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6 
is present. Since the positions of the optical ?ber gratings 
10a are knoWn, the positions at Which the intensity of the 
re?ecting light becomes stronger are denoted as markers 
M1~M4. On the other hand, as shoWn in FIG. 2(2), the probe 
light of the wavelength )»0 is not re?ected by the optical ?ber 
grating 10a, and the intensity of the re?ecting light re?ects 
the state of the optical ?ber line 10, and normally, the light 
intensity is attenuated in accordance With a distance, and 
becoming stronger at the fault location in response to a 
degree of the fault. 
The fault location can be detected even With only the 

Wavelength k1. HoWever, to facilitate the distinction 
betWeen the re?ection by the optical ?ber grating 10a and 
the re?ection by cracking or fracture, it is preferable to 
measure the fault location also With the wavelength )»0 
Which is different from the re?ecting Wavelength A1 of the 
optical ?ber grating 10a. 
By comparing the position (time), at Which the re?ected 

light intensity of the probe light of the wavelength )»0 
becomes stronger, With the positions (times) of markers 
M1~M4 of the re?ected light of the probe light of the 
Wavelength k1, the fault location can be determined With a 
high precision. Since the positions of markers M1~M4 are 
knoWn, obtaining a distance from the nearby marker makes 
an error in distance smaller. 

In the case Where the optical pulse testers 14, 20 have a 
function of automatically calculating a distance to the fault 
location, it is preferable that the positions of markers 
M1~M4, ie the positions Where the optical ?ber gratings 
10a are placed can be input into the testers. With the inputted 
markers positions, the position of the fault location (a 
distance to the fault location) can be calculated With a higher 
precision than that of the conventional art. 

FIG. 3 shoWs a measurement eXample of this embodiment 
Where a trouble has occurred betWeen the markers M2 and 
M3. FIG. 3(1) shoWs the positions of the markers M1~M5, 
and FIG. 3(2) shoWs a Waveform as a result of measurement 
by the probe pulse light of the Wavelength k1. Each marker 
of M1~M5 comprises a re?ecting element for re?ecting the 
Wavelength k1. The Fresnel re?ection is produced at the 
fault location, and calculation of a distance betWeen the 
nearest marker M2 and the Fresnel re?ecting light alloWs 
determination of the fault location With a high precision. In 
this case, the fault location can be measured With a high 
precision solely With the Wavelength k1. 

FIG. 4 shoWs another measurement eXample of this 
embodiment Where a trouble has occurred at the marker M2 
superimposed thereon or at a location extremely close to the 
marker 2. FIG. 4(1) shoWs the positions of markers M1~M5; 
FIG. 4(2) shoWs a Waveform as a result of measurement 
made by the probe pulse light of the Wavelength k1; and 
FIG. 4(3) shoWs a Waveform as a result of measurement 
made by the probe pulse light of the wavelength )0. With the 
measurement by the probe pulse light of the Wavelength k1, 
the re?ecting light from the marker M2 and the Fresnel 
re?ecting light from the fault location are, as soWn in FIG. 
4(2), substantially superimposed one upon the other, and 
they cannot be distinguished from each other. HoWever, With 
the measurement by the probe pulse light of the wavelength 
)0, there are no re?ecting lights from any of the markers 
M1~M5, as shoWn in FIG. 4(3), and consequently, the 
Fresnel re?ecting light from the troubled point is 
conspicuous, and, therefore, the fault location can be iden 
ti?ed. Comparison of the measurement by the probe pulse 
light of the wavelength )»0 With that of the Wavelength k1 
alloWs to identify Whether the re?ecting light is from the 
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fault location or any of the markers M1~M5, so that the fault 
location can be determined With high precision. 
A plurality of re?ecting elements for re?ecting different 

Wavelengths may be disposed on the optical ?ber line. FIG. 
5 shoWs a schematic structural block diagram of such 
embodiment. On an optical ?ber line 30 extending betWeen 
the sending station A and the receiving station B, a plurality 
of optical ?ber gratings 30a, 30a, 30a for re?ecting the 
Wavelength k1; a plurality of optical ?ber gratings 30b and 
30b for re?ecting the Wavelength X2; and an optical ?ber 
grating 30c for re?ecting the Wavelength k3 are arranged at 
suitable positions and intervals. 
At the sending station A, an optical pulse tester 32, Which 

generates the probe pulse lights of Wavelengths k0, k1, k2, 
k3 and measures the intensity of the re?ected lights on the 
time base, is arranged in place of the optical pulse tester 14; 
and at the receiving station B, an optical pulse tester 34, 
Which generates, like the optical pulse tester 32, the probe 
pulse lights of Wavelengths k0, k1, k2, X3 and measures the 
intensity of the re?ecting lights on the time base, is arranged 
in place of the optical pulse tester 20. 

The Wavelengths k0, k1, k2, )»3 of the probe lights 
generated by the optical pulse testers 32, 34 are different 
from the Wavelength )»s of the signal transmission light. In 
the case of the Wavelength-division multiplexing system, the 
Wavelength )»s of the signal transmission light means the 
Waveband consisting of a plurality of Wavelengths. 

In the embodiment of FIG. 5, too, the optical ?ber 
gratings 30a, 30b, 30c should be placed at positions Which 
can be recogniZed as target points, such as connecting points 
of the optical ?ber and the like. By placing the optical ?ber 
gratings 30a, 30b, 30c of different re?ecting Wavelengths 
adjacent to one another, for example, at a distance of about 
10 m, precision of each marker can become higher, and, as 
a result, precision of detecting the fault location also 
becomes higher. Preferably, each optical ?ber grating 30a, 
30b, 30c is placed, for example, in a closure for enveloping 
therein a point of fusion connection. A suitable re?ective 
index of each of optical ?ber gratings 30a, 30b, 30c is in the 
order of 1%~10%. Further, the optical ?ber gratings 30a, 
30b, 30c may be formed in advance at an extra portion of the 
optical ?ber to be used for fusion connection of ?bers, so 
that the number of connecting points may be reduced, 
thereby to improve a transmission loss. 

With the re?ecting Wavelengths )\,1~>\,3 of the optical ?ber 
gratings 30a, 30b, 30c being different from the signal 
transmission light Wavelength (or Waveband) )ts, the optical 
?ber gratings 30a, 30b, 30c do not make attenuation of the 
signal transmission light, thereby the fault location can be 
measured even during transmission (in-service). 
NoW, the operation of the embodiment of FIG. 5 Will be 

described. The operation regarding transmission of signal 
light is the same as the embodiment of FIG. 1, since the 
optical ?ber gratings 30a, 30b, 30c on the optical ?ber line 
30 do not re?ect the Wavelength )»s of the signal light. 

The optical pulse tester 32 generates probe pulse lights of 
Wavelengths k0, k1, k2, A3 at slightly different times. Of 
course, the probe pulse lights of Wavelengths 2046 may be 
outputted at the same time, but in that case it is necessary to 
provide the optical pulse tester 32 With an optical separation 
element for separating the re?ecting lights of the Wave 
lengths 2046 from one another and light receiving ele 
ments for receiving the separated lights discretely. 

The probe pulse light of the Wavelength k1 outputted 
from the optical pulse tester 32 is input into the optical ?ber 
line 30 through the optical adding and dividing device 16, 
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and transmitted through the optical ?ber line 30. During 
transmission through the optical ?ber line 30, the probe 
pulse light of the Wavelength k1 is partially re?ected by the 
optical ?ber grating 30a, and, thereby, attenuated. The 
re?ecting light from each optical ?ber grating 30a and the 
Rayleigh back-scattered light of the optical ?ber line 30 Will 
travel in the reverse direction through the optical ?ber line 
30 toWards the sending station A, and input into the optical 
pulse tester 32 through the optical adding and dividing 
device 16. The optical pulse tester 32 indicates the re?ected 
light inputted thereinto in a graphic representation (and/or a 
printed output) Wherein a vertical axis is the intensity of 
re?ecting light and a lateral axis is a time base. 
The probe lights of Wavelengths k2, )»3 respectively 

outputted from the optical pulse tester 32 are processed 
basically the same as the probe light of the Wavelength k1. 
HoWever, the probe light of the wavelength )»2 is re?ected 
by the optical ?ber grating 30b, and the probe light of the 
Wavelength k3 is re?ected by the optical ?ber grating 30c. 
Then, time characteristics (i.e. distance characteristics) of 
the intensity of these re?ected lights are indicated in a 
graphic representation on a monitor screen and/or in a 
printed output. 

The probe pulse light of the wavelength )»0 outputted 
from the optical pulse tester 32 is input into the optical ?ber 
line 30 through the optical adding and dividing device 16 
and transmitted through the optical ?ber line 30. HoWever, 
the probe pulse light of the wavelength )»0 is not re?ected by 
any of the optical ?ber gratings 30a, 30b, 30c. Consequently, 
only the re?ected light of the Rayleigh back-scattered light 
of the optical ?ber line 30 travels in the reverse direction 
through the optical ?ber line 30 toWards the sending station 
A and input into the optical pulse tester 32 through the 
optical adding and dividing device 16. The optical pulse 
tester 32 displays time characteristics (i.e. distance 
characteristics) of the intensity of re?ected light in a graphic 
representation on the screen of a monitor (and/or in a printed 
output). 

Thus, the positions of the optical ?ber gratings 30a, 30a, 
30a can be measured by the probe light of the Wavelength 
k1; the positions of the optical ?ber gratings 30b, 30b can be 
measured by the probe light of the Wavelength k2; and the 
position of the optical ?ber grating 30c can be measured by 
the probe light of the Wavelength k3. These measured 
positions serve as markers, that is, reference positions in 
measuring position of a fault location by the probe light of 
)0. Examples of measurements by the probe lights of k0, k1, 
k2, k3 are shoWn in FIG. 6. FIG. 6(1) is an example of result 
of measurement by k1; FIG. 6(2) is an example of result of 
measurement by k2; FIG. (3) is an example of measurement 
by X3; and FIG. (4) is an example of measurement by k0. In 
all these examples, the vertical axis is the intensity of 
re?ected light, and the lateral axis is the distance (time). 

It is preferable that the results of measurements by the 
probe lights of Wavelengths k0, k1, k2, k3, are indicated on 
the same monitor screen, or on the same sheet of paper, 
described side by side on the same time base. In this manner, 
comparison betWeen the marker position and the fault 
location, as Well as calculation of a distance to the fault 
location, can be made easier. In the case Where the optical 
pulse testers 32, 34 have a function of automatically calcu 
lating a distance to the fault location, it is preferable that the 
positions of markers ie the positions of the optical ?ber 
gratings 30a, 30b, 30c can be input into the testers. With the 
inputted marker positions, the position of the fault location 
(or a distance to the fault location) can be calculated With a 
higher precision than that of the conventional art. 
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In the embodiment of FIG. 5, it is apparent that an optical 
?ber grating Which can re?ect a plurality of Wavelengths (for 
example, X1 and k2) may be used. 

The embodiment of FIG. 5 is particularly effective for 
such a case, for example, Where it is desirable to insert the 
optical ?ber gratings 30a~30c, Which serve as the re?ecting 
elements, considerably adjacent to one another. In this case, 
the optical ?ber gratings 30a~30c can be separated from one 
another by changing the Wavelengths, Without narroWing a 
pulse Width of the probe lights generated by the optical pulse 
testers 32, 34. A measuring dynamic range of the optical 
pulse testers 32, 34 relies upon a pulse Width of the probe 
light, and the narroWer the pulse Width, the higher the 
resolving poWer of a distance, but the measuring dynamic 
range becomes smaller. Therefore, this embodiment is par 
ticularly effective When the target position to be measured is 
far aWay from the end of measuring section, and, 
consequently, the measuring dynamic range should be made 
larger, namely, it is effective particularly for the optical ?ber 
line of a super long distance. 

FIG. 7 is a schematic structural block diagram of an 
embodiment applied for an optical ?ber communication 
system Wherein the output light from the optical sending 
apparatus are multi-divided by an optical adding and divid 
ing device and distributed to a plurality of terminals. A 
central station 40 comprises an optical sending apparatus 42 
for generating the signal light of the Wavelength )ts; an 
optical pulse tester 44 for generating probe pulse lights of 
Wavelengths )»1~)»n and measuring the re?ected lights on the 
time base; an optical adding and dividing device 46 for 
adding the output light of the optical sending apparatus 42 
and the output lights (probe lights) of the optical pulse tester 
44, and returning the re?ected lights of the probe lights to the 
optical pulse tester 44; and an optical adding and dividing 
device 48 for dividing the added output lights of the optical 
sending apparatus 42 and the optical pulse tester 44, Which 
have been output from the optical adding and dividing 
device 46, and distributing the divided lights to optical ?ber 
lines 50-1~50-n of an n channels. The optical adding and 
dividing device 48 also has a function of adding the re?ected 
lights from the optical ?ber lines 50-1~50-n and returns the 
added lights to the optical adding and dividing device 46. 
Input/output characteristics of the optical adding and divid 
ing device 48 do not rely upon Wavelengths. Opposite ends 
of the optical ?ber lines 50-1~50-n of the n channels are 
connected to optical receiving terminals 52-1~52-n, respec 
tively. 
On each of the optical ?ber lines 50-1~50-n of the n 

channels, re?ecting elements (each comprising, for example, 
an optical ?ber grating as described in each of the above 
described embodiments) 54-1, 54-2, . . . 54-n for re?ecting 
the Wavelengths k1, k2 . . . All at a re?ective index in the 

order of 1%~10% are disposed at suitable locations. Pref 
erable locations of these re?ecting elements are the same as 
described in each of the foregoing embodiments. The 
re?ecting Wavelengths )»1~)»n of the re?ecting elements 
54-1~54-n are set differently from the Wavelength )»s of the 
signal light. 
NoW, the operation of the embodiment shoWn in FIG. 7 

Will be described. The signal light of the Wavelength )ts 
outputted from the optical sending apparatus 42 of the 
central station 40 is input into an M port of the optical adding 
and dividing device 48 through the optical adding and 
dividing device 46, and is divided into n to be outputted to 
each optical ?ber line 50-1~50-n from each port #1~#n of 
the optical adding and dividing device 48. The signal light 
transmitted through each optical ?ber line 50-1~50-n is 
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input into each terminal 52-1~52-n Where the signal light is 
received and processed. 
The optical pulse tester 44 outputs the probe pulse lights 

of the Wavelengths >\.1~>\.Il at slightly different times 
successively, for example, in the sequence of k1, k2, . . . )»n 
The output light from the optical pulse tester 44 is input into 
the M port of the optical adding and dividing device 48 
through the optical adding and dividing device 46. The 
optical adding and dividing device 48 divides the probe 
lights into the n, like the dividing of the signal light 
Wavelength )ts, and each divided probe light is input into 
each optical ?ber line 54-1~54-n from each port #1~#n. 

In the optical ?ber line 50-1, the probe light of the 
Wavelength k1 is partially re?ected by the re?ecting element 
54-1 during propagation, While the remaining Wavelengths 
)»2~)»n are not re?ected by the re?ecting element 54-1 and 
propagated through the optical ?ber line 50-1. Consequently, 
the re?ected light of the Wavelength k1 from the re?ecting 
element 54-1 and the re?ected lights of the Wavelengths 
)»1~)»n by the Rayleigh back-scattering are propagated 
through the optical ?ber line 50-1 toWards the central station 
40. Similarly, in the optical ?ber line 50-2, the probe light of 
the wavelength )»2 is re?ected by the re?ecting element 
54-2; and in the optical ?ber 50-n, the probe light of the 
Wavelength All is re?ected by the re?ecting element 54-n. 

The re?ected lights Which return through the optical ?ber 
lines 50-1~50-n are added by the optical adding and dividing 
device 48 and input into the optical pulse tester 44 through 
the optical adding and dividing device 46. In the optical 
pulse tester 44, the intensity of the re?ected lights are 
analyZed (including graphic representation in the monitor 
screen and/or in printed output form) by each Wavelength on 
the time base. 

In the embodiment of FIG. 7, since the re?ected lights 
transmitted through each optical ?ber line 50-1~50-n are 
returned to the optical pulse tester 44 in the superimposed 
state, a minute trouble Which might have occurred in any 
optical ?ber line 50-1~50-n cannot be measured precisely by 
the Raleigh back-scattered light. HoWever, In the case of 
cracking or rupture, there Will be the re?ected pulse from 
that cracking or rupture, and the re?ected lights from any of 
the re?ecting elements 54-1~54-n located behind such 
cracking or ruptured position Will not be present or Will be 
Weaker than the normal intensity, and, as a result, any of the 
optical ?ber lines 50-1~50-n having such cracking or rupture 
occurred can be speci?ed and an approximate position 
thereof can be measured by the Wavelengths )»1~)»n of the 
probe lights. For example, With the probe light of the 
Wavelength k1, the optical ?ber line 50-1 can be checked as 
to Whether there is a cracking or rupture and, if any, an 
approximate position thereof can be measured; and With the 
probe light of the Wavelength )tn, the optical ?ber line 50-n 
can be checked as to Whether there is a cracking or rupture 
and, if any, an approximate position thereof can be mea 
sured. 

FIG. 8 is a schematic structural block diagram of the 
optical pulse tester 44 of FIG. 7. Numerals 60-1, 60-2, . . . 
60-n are each designates a light source (a laser diode) for 
respectively generating laser beams of Wavelengths k1, 
k2, . . . , 7m, and they are driven by a driving pulse generated 
by a pulse generator 62 to generate optical pulses (probe 
lights) of the above-mentioned Wavelengths, respectively. 
An optical selector 64 selects the output lights from the light 
source 60-1~60-n successively at a predetermined timing, 
and supplies it to an optical adding and dividing device 66. 
The optical adding and dividing device 66 outputs the 

probe lights from the optical selector 64 to outside (here, to 
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the optical adding and dividing device 46), and supplies the 
re?ected light from the outside (here, from the optical 
adding and dividing device 46) to a light receiving device 
68. The light receiving device 68 converts the optical signal 
into an electrical signal, and outputs the electric signals to a 
signal processing circuit 70. The signal processing circuit 70 
starts processing (for example, a logarithmic compression) 
of an output level of the light receiving device 68 With a 
timing signal from the pulse generator 62 as a reference, on 
the time base. Thus, a variation of the intensity of re?ected 
light can be measured on the time base (i.e. distance), and a 
result is indicated on the screen of a display device 72. 

It is apparent that, in place of the plurality of light sources 
60-1~60-n of different Wavelengths and the optical selector 
64, a variable Wavelength light source may be used. Further, 
instead of making direct pulse driving of the light source, 
optical pulses may be formed by an optical sWitch, such as 
acoustic-optical(AO) sWitch. 

The embodiment of FIG. 7 is suitable, for example, for an 
optical netWork of broadcasting system, such as, cable 
televisions, since a fault location of optical ?ber lines, Which 
have been multi-branched by a star coupler, can be measured 
by centering thereto from the distributing station. In this 
case, re?ecting elements of different Wavelengths are dis 
posed respectively per branch line at desired locations on 
each branched ?ber line, so that the branch line having the 
fault can be speci?ed by the distributing station according to 
the Wavelength, and the fault location can be determined by 
the re?ecting time. 

Generally, an optical ?ber cable envelopes therein a 
plurality of, for example, more than 12 optical ?ber lines. In 
this case, therefore, incorporating the above-mentioned 
re?ecting elements 10a, 30a, 30b, 30c in one optical ?ber 
line and making it a distance reference, thereby, the fault 
location on any/all optical ?ber lines enclosed in the ?ber 
cable can be detected With high precision, because the 
lengths of all optical ?ber lines enclosed in the optical ?ber 
cable are the same. FIG. 12 is a schematic structural block 
diagram of this embodiment. 

The sending station A and the receiving station B are 
connected by an optical ?ber cable 210, and the optical ?ber 
cable 210 encloses therein the n number of optical ?ber lines 
212-1~212-n. One optical ?ber line 212-1 includes optical 
?ber gratings 214, 214 for re?ecting the Wavelength )tl 
Which is different from the signal Wavelengthks, and dis 
posed at appropriate locations With suitable intervals, like 
the optical ?ber line 10 of FIG. 1, and to serve as the optical 
?ber line of a distance reference. The location of optical ?ber 
grating 214 and its re?ective index are the same as the 
optical ?ber grating 10a of the above-described embodi 
ment. Also, like the embodiment of FIG. 5, a plurality of 
optical ?ber gratings of different Wavelengths may be pro 
vided. 

The sending station A includes an optical sending appa 
ratus 216-1~216-n for generating the signal transmission 
light of the Wavelength )»s to each optical ?ber line 212 
1~212-n, and the output light from each optical sending 
apparatus 216-1~216-n is applied to each optical ?ber line 
212-1~212-n through an optical adding and dividing device 
218-1~218-n. 

The sending station A further includes an optical pulse 
tester 220 for generating probe pulse lights of wavelength 
K0, K1 Which are different from the optical signal Wave 
length )ts, and measuring the intensity of their re?ected 
lights on the time base; and an optical sWitch 222 for 
connecting the output probe pulse light of the optical pulse 
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tester 220 With one of the optical ?ber lines 212-1~212-n. 
The optical sWitch 222 has the n number of selecting 
terminals Which are respectively connected With the optical 
adding and dividing device 218-1~218-n. 
The optical adding and dividing device 218-1~218-n 

serves as a half mirror in terms of its function, like the 
optical adding and dividing device 16 of FIG. 1; and they 
respectively direct the output lights of the optical sending 
apparatuses 216-1~216-n to incident upon the optical ?ber 
lines 212-1~212-n, direct the probe pulse lights, Which have 
been incident thereon from the optical pulse tester 220 
through the optical sWitch 222, to incident upon the optical 
?ber lines 212-1~212-n, and supply the re?ected lights from 
the optical ?ber lines 212-1~212-n to the optical sWitch 222. 
The optical sWitch 222 supplies the re?ected light, Which has 
been received from one of the optical adding and dividing 
devices 218-1~218-n connected With the selected terminal, 
to the optical pulse tester 220. 
The receiving station B includes optical receiving appa 

ratuses 224-1~224-n for receiving optical signals Which 
have been transmitted through each of the optical ?ber lines 
212-1~212-n of the optical ?ber cable 210. Of course, the 
receiving station B may be provided With similar appara 
tuses of the sending station A, such as the optical adding and 
dividing device 218-1~218-n, optical pulse tester 220 and 
optical sWitch 222, so that Whether there is a fault on the 
optical cable 210, and if so, can measure the fault location 
from an optical receiving station B. 

In the case Where the optical ?ber line 212-1 is used 
exclusively as the distance reference, the optical sending 
apparatus 216-1, the optical adding and dividing device 
218-1 and the optical receiving apparatus 224-1 are, of 
course, not required. In this case, the corresponding select 
ing terminal of the optical sWitch 222 is directly connected 
With the optical ?ber line 212-1. 

Wavelengths K0, K1 of the probe lights generated by the 
pulse tester 220 are made different from the signal trans 
mission Wavelength )ts. Needless to say, in the case of 
Wavelength-division multiplexing system, the signal trans 
mission Wavelength )ts means a Waveband consisting of a 
plurality of Wavelengths. In the case of this embodiment, it 
may be possible to have the probe pulse light of only the 
Wavelength k1. HoWever, the probe pulse light of the 
wavelength )»0 is helpful to identify the position of the 
optical ?ber grating 214 of the optical ?ber line 212-1 
serving as the distance reference, or to determine a fault 
location adjacent to the optical ?ber grating 214. 
The operation of this embodiment Will be described. Each 

optical sending apparatus 216-1~216-n generates the signal 
light, and the signal light is input into each optical ?ber line 
212-1~212-n through each optical adding and dividing 
device 218-1~218-n and transmitted through each optical 
?ber line 212-1~212-n. Each optical receiving apparatus 
224-1~224-n of the receiving station B receives and pro 
cesses the signal light Which has been transmitted through 
each optical ?ber line 212-1~212-n. 

Each optical ?ber line 212-1~212-n of the optical ?ber 
cable 210 is checked at the time When a fault has occurred, 
or continuously by the optical pulse tester 220 to see Whether 
there is a fault or not, and if so, the fault location can be 
measured. Generally, an administrator of the optical ?ber 
cable 210 makes the optical pulse tester 220 generate the 
probe pulse light of the Wavelength k1, and the optical 
sWitch 222 sWitch the probe light successively to each 
optical ?ber line 212-1~212-n to check these optical ?ber 
lines in sequence. From the re?ected light of the optical ?ber 
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line 212-1, many distance markers (and Fresnel re?ection 
pulse), can be obtained as shown in FIG. 2(1), as in the case 
of each of the above-described embodiments. From the 
remaining optical ?ber lines 212-2~212-n, time variations of 
the Rayleigh back-scattered light and Fresnel light re?ected 
from the fault location can be obtained. By comparing a 
result of measurement of the optical ?ber line 212-1 With a 
result of measurement of each optical ?ber line 212-2~212 
n, the fault location in any of the optical ?ber lines 212 
2~212-n can be determined With a higher precision. 

When the measuring position of the optical ?ber grating 
214 of the optical ?ber line 212-1 is questionable, the probe 
pulse light of the wavelength )»0 is generated by the optical 
tester 220 to check the optical ?ber line 212-1 With the 
Wavelength k0. The operation of this checking is exactly the 
same as the embodiment of FIG. 1. Therefore, With the 
embodiment of FIG. 12, it is possible to have the optical 
pulse tester 220 generate the probe pulse light of only the 
Wavelength k1. 
When intervals for placing re?ecting elements of optical 

?ber gratings are set to, for example, every 10 km, an error 
in the displayed distance is made to about 34 m, even With 
the optical ?ber lines of 100 km in length. An error may be 
made smaller by increasing the number of positions for 
placing the re?ecting elements. This alloWs determination of 
the fault location With a high precision and, therefore, alloWs 
reduction of the time required for restoration to a consider 
able extent. Further, for a Zone Which is thought to have a 
higher potentiality for having a fault, the re?ecting elements 
may be placed at both ends of the Zone, thereby to facilitate 
detection of the fault location. 

Those skilled in the art Will be understood from the 
foregoing description that the invention can measure the 
position of a fault location With high precision and the time 
required for restoration of the fault can be reduced. For 
example, an area for temporary traf?c restriction of the 
public traf?c netWork can be narroWed, and the traf?c 
restriction time can be shortened. 
What is claimed is: 
1. An apparatus for detecting a fault location in an optical 

?ber line having a signal at a Wavelength, comprising: 
an optical ?ber line including a re?ector for re?ecting a 

predetermined re?ection Wavelength Which is different 
from the signal Wavelength, said re?ector being dis 
posed at a geographically knoWn position along said 
optical ?ber line; and 

an optical pulse tester for transmitting a probe pulse light 
at said re?ection Wavelength on the optical ?ber line, 
and measuring a Rayleigh back-scattered light from the 
optical ?ber line and a Fresnel re?ection light from a 
fault location in comparison With re?ected light from 
said re?ector to determine the position of the fault 
location in relation to the position of the re?ector on a 
time base. 

2. An apparatus for detecting a fault location in an optical 
?ber line as recited in claim 1 Wherein the optical pulse 
tester transmits a second probe pulse light having a different 
Wavelength than the signal Wavelength and the re?ection 
Wavelength of the re?ector. 

3. An apparatus for detecting a fault location in an optical 
?ber line as recited in claim 1 Wherein said optical ?ber line 
includes a plurality of re?ectors, each of the re?ectors 
having one of at least tWo different re?ection Wavelengths. 

4. An apparatus for detecting a fault location in an optical 
?ber line as recited in claim 3 Wherein the optical pulse 
tester transmits a plurality of probe pulse lights, each of the 
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probe pulse lights having a Wavelength corresponding to a 
different one of said different re?ection Wavelengths. 

5. An apparatus for detecting a fault location in an optical 
?ber line as recited in claim 4 or 2, Wherein the optical pulse 
tester transmits the probe pulse lights in a predetermined 
sequence. 

6. An apparatus for detecting a fault location in an optical 
?ber line in an optical transmission system having a plurality 
of optical ?ber lines, each of the optical ?ber lines having a 
signal at a Wavelength, comprising: 

a plurality of re?ectors disposed at geographically knoWn 
positions in each of the optical ?ber lines, each of the 
re?ectors having a re?ection Wavelength different from 
the signal Wavelength on its respective optical ?ber 
line; 

an optical pulse tester for transmitting a probe pulse light 
on each of the optical ?ber lines, each of the probe 
pulse lights being transmitted at the re?ection Wave 
length of the re?ectors in its respective optical ?ber 
line, and measuring re?ected light from a fault location 
in one of the optical ?ber lines and the probe pulse light 
re?ected by one of the re?ectors in said one of the 
optical ?ber lines on a time base to determine the 
position of the fault location in relation to the position 
of said one of the re?ectors; and 

an optical coupler for coupling the probe pulse lights from 
the optical pulse tester to each of the optical ?ber lines, 
and coupling the re?ected light from each of the optical 
?ber lines to the optical pulse tester. 

7. An apparatus for detecting a fault location in an optical 
?ber line as recited in claim 6 Wherein said optical coupler 
comprises optical adding and dividing means for dividing 
the probe pulse lights from the optical pulse tester for 
distribution to each of the optical ?ber lines, and adding the 
re?ected light from each of the optical ?ber lines for 
coupling t al pulse tester. 

8. An apparatus for detecting a fault location in an optical 
?ber line having a signal at a Wavelength comprising: 

a ?rst optical ?ber line including a re?ector disposed at a 
geographically knoWn position in said ?rst optical ?ber 
line for re?ecting a re?ection Wavelength different from 
the signal Wavelength; 

a second optical ?ber line having a length substantially 
the same as a length of said ?rst optical ?ber line; and 

an optical pulse tester for transmitting a probe pulse light 
at said re?ection Wavelength on the ?rst and second 
optical ?ber lines, and measuring re?ected light from a 
fault location in one of said ?rst optical ?ber line and 
said second optical ?ber line and the probe pulse light 
re?ected by said re?ector on a time base to determine 
the position of the fault location in relation to the 
position of the re?ector. 

9. An apparatus for detecting a fault location in an optical 
?ber line as recited in claim 8 Wherein said ?rst optical ?ber 
line includes a plurality of re?ectors, each of the re?ectors 
having one of at least tWo different re?ection Wavelengths. 

10. An apparatus for detecting a fault location in an 
optical ?ber line as recited in claim 9 Wherein said optical 
pulse tester transmits a plurality of probe pulse lights, each 
of the probe pulse lights having a Wavelength corresponding 
to a different one of the different re?ection Wavelengths. 

11. An apparatus for detecting a fault location in an optical 
?ber line as recited in claim 8 Wherein said optical pulse 
tester transmits a second probe pulse light having a different 






